Study objectives: Different pathomechanisms may underlie the age-related decline in muscle mass and muscle power in older adults. This study aimed to examine the independent relationship between sleep duration and muscle power. Methods: Older adults, aged 65 years and older, were randomly selected to participate in a community-based survey in Yilan city, Taiwan. Data on self-reported sleep duration, sociodemographic information, lifestyle, chronic medical and mental health conditions, sleep-related parameters, and anthropometric measurements were collected. Participants who slept ≤4 hr, 5 hr, 6-7 hr, 8 hr, and ≥9 hr were defined as shortest, short, mid-range, long, and longest sleepers, respectively. Muscle power was estimated using hand grip strength. 20.9 [20.3-21.4]). When stratified by sex, the association between longest sleep duration and weaker hand grip strength was noted among men only. Conclusions: Older adults with long sleep duration had weaker hand grip strength irrespective of muscle mass. This finding suggests that decreased muscle power may mediate or confound the relationship between long sleep duration and adverse health outcomes.
INTRODUCTION
Meta-analyses have demonstrated a relationship between extreme sleep duration and adverse health outcomes, including an elevated risk for various morbidities, such as cardiovascular diseases, 1 type 2 diabetes, 2 hypertension, 3 obesity, 4 and mortality. 5 Optimal sleep duration has been suggested as being important for public health. 6 However, the mechanisms that underlie the link between extreme sleep duration and adverse health outcomes remain unknown. In older adults, extreme sleep duration has been found to be associated particularly with self-perceived difficulties in mobility capacity 7 and walking speed. 7, 8 Furthermore, long sleep duration in older adults also predicted an accelerated decline in physical functioning and a higher risk for mobility limitation in the follow-up study. 9 Decline in physical functioning or mobility capacity is often a consequence of physical impairment, 10 such as compromised function of the neuromuscular system. 11, 12 Consequently, quantitative and qualitative changes in the muscular system may be one of the biological pathways that mediate the link between extreme sleep duration and adverse health status; hence, it deserves further elucidation.
Previous studies have examined the relationship between extreme sleep duration and body composition; there is an abundance of literature regarding how body mass index (BMI)-defined obesity relates to extreme sleep duration in the general population. 13 However, body composition redistributes with normal aging. 14 In addition to obesity, the properties of the muscular system are of particular importance in reflecting the overall physiological well-being of older adults. 15, 16 Recent research revealed that the decline in muscle performance may be not simply a consequence of the loss of muscle mass. 15 Compared with young adults, the magnitude of the association between muscle mass and muscle power is attenuated in older adults. 17 A longitudinal study revealed that the speed of muscle mass and muscle power loss is discordant in older adults. 18 Furthermore, regain of muscle mass does not necessary imply improved muscle power in older adults. 19 In addition, age-related loss of muscle power, dynapenia, has been shown to predict a higher mortality risk 20 and deterioration in physical functioning. 21 Therefore, in addition to muscle mass, muscle power is also a crucial indicator for health status. Because the underlying pathomechanisms for the loss of muscle mass and the decline in muscle power are not identical, 15 the relationship between age-related muscle mass and muscle power with clinical conditions should be considered separately, particularly in the older population.
In the literature, loss of lean body mass has been demonstrated in older adults with extreme sleep duration. 22 Furthermore, many studies have examined the relationship between various sleep parameters and muscle power, such as sleep quality, 23 sleep fragmentation, [23] [24] [25] [26] diurnal variation, 27 use of sedative agents, 28 and primary sleep disorders. 29, 30 Among older adults, however, only a few studies have explored the association
Statement of Significance
The present study illustrates that the relationship between long sleep duration and weaker hand grip strength is independent of the muscle mass of the upper extremities. This finding suggests that, in addition to the change in mass, the quality of muscle in long sleepers is also altered. This finding might provide evidence for the argument that long sleep duration is a marker of failing health. The present study also suggests a male-specific association between sleep duration and muscle power.
between extreme sleep duration and muscle power, 8, [24] [25] [26] 31, 32 and few have considered the effect of muscle mass and muscle power simultaneously. 33 In summary, in-depth exploration of the relationship between extreme sleep duration and muscular properties should help to enhance our understanding of the mechanisms that underlie the link between extreme sleep duration and health. Although a decline in muscle power is a novel indicator for health status in older adults, whether extreme sleep duration links to weaker muscle power is unclear. The present study aimed to estimate muscle power with hand grip strength and to examine the association between sleep duration and hand grip strength, independent of the effect of appendicular muscle mass in an elderly population.
METHODS

Study Design and Participants
The present study is part of the Yilan study, which aims to investigate the mental and physical health of community-dwelling older adults in Yilan city, Taiwan. Yilan city is an urban area located in northwestern Taiwan. The study design has been detailed elsewhere. 34 Briefly, from August 2013 to February 2016, individual aged ≥65 years living in Yilan City were randomly selected to participate. Well-trained research assistants interviewed eligible participants face-to-face, either at the participants' homes or at health stations. Data regarding sociodemographic characteristics, smoking and drinking history, lifestyle, medical history, depression, anxiety, sleep-related patterns, and anthropometric measurements were collected. Individuals who failed to provide a past medical history, who could not complete the interview, or who were unable to cooperate with the collection of anthropometric data because of physical disability or compromised cognitive function were excluded. All participants provided written informed consent, and the Institutional Review Board of the National Yang-Ming University approved this study. Finally, a total of 1081 older adults were included.
Hand Grip Strength
Hand grip strength was used to estimate muscle power in the present study. Both hand grip strength and knee extension strength are commonly used measures of muscle power, and these two estimates are highly correlated. 35 However, compared with knee extension strength, the measurement of hand grip strength is more convenient and is not affected by lower limb disabilities. 36 Therefore, in terms of a large-scale community survey, hand grip strength is the more feasible measure in the older population. Hand grip strength (kg) was estimated using a dynamometer (Jamar, Jackson, MI, USA.) Participants completed two trials for each hand, and the best performance of each hand was averaged as the final estimate of hand grip strength. Considering the circadian pattern of hand grip strength, 27 the timing of data collection was recorded and included in the statistical modeling to exclude the confounding effect of diurnal variation on hand grip strength.
Other Anthropometric Variables
Body composition was measured according to a bioelectrical impedance analysis (BIA) technique using an InnerScan segmental body composition analyzer (InnerScan V, Tanita ® BC601, Japan) with an operating frequency of 50 kHz at 100 μA. The estimation of segmental muscle mass for mode BC601 has been validated. 37 The estimated lean mass (kg) for each upper extremity was averaged as the final estimate. Body height and weight data were collected. BMI values of less than 18.0 kg/m 2 and more than 25.0 kg/m 2 were used to define underweight and overweight in older adults, respectively.
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Sleep-Related Measurements Sleep duration was estimated by self-report from one single question: "During the past month, how many hours of actual sleep did you get per night?" Sleep duration was categorized as hour units per night and a total of 5 categories of sleep duration were defined. As a sleep duration of ≤ 5 hr is considered to result in an unfavorable risk of various morbidities/mortalities, 6 the present study defined older adults with 5 hr of sleep as short sleepers and those with sleep durations of ≤4 hr as shortest sleepers. By contrast, a previous Taiwanese study found that older adults who reported ≥8 hr of night sleep had an elevated risk of cardiovascular and all-cause mortality. 39 Therefore, individuals with a sleep duration of 8 hr were defined as long sleepers. Specifically, older adults who reported a sleep duration of ≥9 hr were defined as longest sleepers. Those having 6-7 hr of sleep per night were defined as mid-range sleepers. Consequently, the categories of sleep duration with ≤ 4, 5, 6-7, 8, and ≥ 9 hr denoted shortest, short, mid-range, long, and longest sleep duration, respectively. Sleep quality was assessed using the Chinese version of Pittsburgh Sleep Quality Index (PSQI). A score ≥6 indicated poor sleep quality. 40 The Chinese version of the Epworth Sleepiness Scale (ESS) was used to evaluate excessive daytime sleepiness, with scores ≥ 10 indicating daytime sleepiness. 41 Frequency of use of hypnotics was categorized according to the number of nights that the participants used hypnotics in the preceding 4 weeks. Because the sleep-wake phase may confound the relationship between sleep duration and hand grip strength, 31 habitual wake-up time was also recorded, coded in military hour, to control for the impact of sleep-wake phase on muscle performance.
Other Covariates
Sociodemographic data, including age (≥75 vs. <75 years), education level (literate vs. illiterate), and living status (living alone vs. living with others) were obtained. In addition, history of smoking and alcohol consumption and exercise frequency were collected. With respect to chronic medical morbidities, self-reported information about diabetes mellitus, hypertension, cardiac disease (heart failure, myocardial infarction or coronary events), stroke, hyperlipidemia, and cancer were collected. Medical diseases were recorded as present only for participants who reported both diagnosis and treatment experience. The Hospital Anxiety and Depression Scale (HADS) was utilized to measure depression and anxiety symptoms. 42 The Chinese translation of the HADS has been proven valid, with optimal cutoff points of 3 for the anxiety subscore and 6 for the depression subscore. 43 
Statistical Analysis
The statistical analyses were performed using SPSS for Windows, version 13.0 (SPSS Inc., Chicago, IL, USA). The univariate analyses were conducted using the χ 2 test, t-test, one-way analysis of variance, and Pearson's correlation coefficient. General linear models were used to perform multivariable analyses and examine the independent association between extreme sleep duration and hand grip strength. Multiple comparisons were corrected using the Bonferroni method. A p value <.05 was considered statistically significant.
RESULTS
Of the 1081 study participants, 56.1% were aged ≥75 years and 59.4 % were female. A total of 39.3% of participants had PSQIdefined poor sleep quality and 20.9% had used hypnotics in the preceding 4 weeks. Significant depression and anxiety symptoms were present in 5.6% and 34.0% of participants, respectively. The average hand grip strength was 20.2 ± 8.6 kg, and the average muscle mass of the upper extremities was 2.0 ± 0.5 kg. Table 1 summarizes the distribution of sociodemographic characteristics and clinical conditions among those in the different groups of sleep duration. Age (p = .02), sex (p < .001), and education level (p < .001) differed significantly according to sleep duration. Compared with mid-range sleep duration, long and longest sleepers were more likely to be ≥75 years old and male. Exercise frequency was also distributed differently according to sleep duration (p = .02); long and longest sleepers tended to exercise <3 times per week. Various physical comorbidities were not distributed differently between the sleep duration groups, but both older adults with longer and shorter sleep had a higher likelihood of having depressive symptoms than mid-range sleepers (p = .04). In contrast, short and shortest sleepers were more likely to have anxiety symptoms (p < .001). Regarding sleep-related parameters, PSQI-defined poor sleep quality (p < .001) and use of hypnotics (p < .001) were distributed differently among the groups; older adults who had short and shortest sleep duration were more likely to have poor sleep quality and to use hypnotics. Hand grip strength differed between the groups of sleep duration (p = .001). In the post hoc comparisons, short (5 hours) and longest sleepers (≥9 hr) had weaker hand grip strength than the mid-range sleepers (p = .04 and p = .001, respectively). Furthermore, longest sleepers also had a weaker hand grip strength than long sleepers (8 hr; p = .04). The muscle mass of the upper extremities was significantly different between the sleep duration groups (p < .001). In the post hoc comparisons, compared with long sleepers, older adults who were short and shortest sleepers had lower upper extremity muscle mass (p = .002 and p < .001, respectively).
Furthermore, hand grip strength was compared according to different sociodemographic and lifestyle factors by univariate analysis. Those aged ≥ 75 years (p < .001), female (p < .001), illiterate (p < .001), and who engaged in less frequent exercise (p = .002) had weaker hand grip strength. Individuals with diabetes (p = .04), hypertension (p = .03), cardiac disease (p < .001), stroke (p = .05), hyperlipidemia (p = .02), depressive symptoms (p < .001), and anxiety symptoms (p < .001) demonstrated weaker hand grip strength. With respect to sleep-related parameters, PSQI-defined poor sleep quality (p < .001) and use of hypnotics (p < .001) showed between-group differences in hand grip strength. The correlation analyses showed that wake-up time (measured in military hours; r = −0.10, p = .001) and muscle mass (r = 0.59, p < .001) were associated with hand grip strength. Those who roused later and had less muscle mass had weaker hand grip strength. The muscle mass of the upper extremities and hand grip strength were highly correlated. In contrast, the timing of data collection did not differ between groups (p = .29). Duration) for testing the moderating effect of sex on the association between sleep duration and hand grip strength was significant (p = .04), stratified analyses by sex were performed. Only male participants with the longest sleep duration were still noted to have lower hand grip strength than the mid-range sleepers (p = .002). After controlling for muscle mass (Model II), the pattern of the association between sleep duration and hand grip strength remained. Long and longest sleepers still had weaker hand grip strength than mid-range sleepers (p = .03 and p < .001, respectively). In addition, longest sleepers had weaker hand grip strength than short sleepers (p = .03). In Model II, the moderating effect of sex on the relationship between sleep duration and hand grip strength remained (p for the interaction term = .03). When further stratified by sex, the difference in hand grip strength between longest sleepers and mid-range sleepers was still found among men only (p = .004).
Because the absence of assessment of sleep disordered breathing may confound the relationship between long sleep duration and weaker hand grip strength, sensitivity analyses were performed among those with low levels of daytime sleepiness (ESS < 10) and whose PSQI scores indicated good sleep quality (PSQI < 6; n = 545). In the multivariable analyses, all the significant findings disappeared in the full model of the multivariable analysis. However, when only basic demographic data (age and sex) and muscle mass were controlled for, long sleepers 
DISCUSSION
The major advantage of this study is the large sample size and the rigorous control of potential confounders. To the best of our knowledge, this is the first study to consider the effect of muscle mass and to investigate the association between sleep duration and hand grip strength. Because the association between extreme sleep duration and mortality is more robust in Asia and in the older population, 44 it is particularly relevant to explore the physiological disadvantages associated with extreme sleep duration in older Asian adults. After adjusting for the confounding effect of muscle mass, the present study identified a relationship between self-reported long (8 hr) and longest sleep duration (≥ 9 hr) with weaker hand grip strength in a cohort of older adults in Taiwan. By contrast, no association was found between short/shortest sleep duration and hand grip strength. This warrants further inspection of the differential association between the two ends of sleep duration and muscle power.
In the literature, only a few studies have investigated the association between sleep duration and muscle power; the results are inconsistent. Some studies reported a reverse U-shaped pattern between sleep duration and muscle power, 25, 31 while others found a reverse linear association 24 or no association. 8, 26, 32 Study design, sex, ethnicity, types of confounders, and measurement of sleep duration all contribute to these inconsistencies. In the present study, confounding variables influenced the major findings. In the univariate analysis, older adults who had short sleep duration (5 hours) had weaker hand grip strength than mid-range sleepers. However, after controlling for various confounding factors, either before or after controlling for muscle mass, the hand grip strength of short and shortest sleepers did not differ from that of mid-range sleepers. Furthermore, short sleepers unexpectedly showed better hand grip strength than longest sleepers. In contrast, older adults with long sleep duration were still shown to have weaker hand grip strength than mid-range sleepers. This finding suggests that the relationship between short sleep duration and hand grip strength is mostly confounded or mediated by sociodemographic, lifestyle, physical or mental conditions, and other sleep-related factors. In contrast, the association between long sleep duration and hand grip strength is unaffected by confounding factors, even after adjusting for the influence of muscle mass. These findings support the argument that the two ends of sleep duration may have different pathomechanisms by which they link to adverse health outcomes. 45 The mechanisms underlying the relationship between long sleep duration and adverse outcomes remain unclear. One of the hypotheses suggests that long sleep duration is a marker of failing health. 46 With respect to the muscular system, an association between long sleep duration and sarcopenia has been reported. 22 Although sarcopenia in long sleepers supports the contention of failing health, the modulation of muscle power is affected not only by muscle mass but also by muscle structure and neuromuscular function. 15 Consistent with the literature, the present study found a high correlation between muscle mass and hand grip strength. However, long sleepers were found to have weaker hand grip strength irrespective of muscle mass, which indicates that additional intrinsic factors underlie the link between long sleep duration and weaker hand grip strength and genuinely compromise muscle performance. The finding of the present study suggests that, in addition to alterations in mass, the quality of muscle in long sleepers also changes. Several mechanisms may underlie the association between long sleep duration and decreased muscle power. Long sleep duration could be a compensatory phenomenon of a failing sleep-regulatory function, such as a homeostatic process 46 or sleep consolidation mechanism. 47 Thus, prolonged sleep duration is similar to compromised neuromuscular function, i.e. a marker of failing physiologic function. Alternatively, long sleep duration may directly result in decreased muscle power because of prolonged periods of being in bed. In this circumstance, decreased neuromuscular function mediates the relationship between long sleep duration and adverse health outcomes. On the contrary, prolonged duration of sleep or bed time may be due to inactivity, which is secondary to attenuated muscle power. In this case, decreased neuromuscular function results in adverse health events and confounds the association between long sleep duration and increased risk of morbidity or mortality.
The sex-specific finding in the relationship between sleep duration and muscle power was another major finding of the present study. In previous studies that did not control for the effect of muscle mass, the relationship between extreme sleep duration and muscle power in older adults appears to be male-specific. 25, 31 Further considering the effect of muscle mass, the present study supported a male-specific association between long sleep duration and weaker muscle power. Studies conducted among women 8 and those that did not stratify their analysis by sex 26, 32 consistently failed to find a relationship between long sleep duration and compromised hand grip strength. One exception came from a study, conducted among old women that controlled for whole-body skeletal muscle mass. A reverse linear relationship between sleep duration and knee extension strength was found. 33 Compared with the present study, different estimation of muscle power and mass and different statistical methods employed might have contributed to the inconsistent findings.
In the present study, hand grip strength was used to reflect muscle power. Compared with the lower extremities, the upper extremities had several advantages as to the measurement of muscle power. First, although all appendicular lean mass declines with aging, the upper extremities have a lower rate of decline than the lower extremities do. 48 Moreover, regarding the concordance in the speed of loss of muscle mass and muscle power, the correlation between the upper extremities is less robust than that of the lower extremities. 48 In addition, increased sedentary behavior results in age-related functional decline in the lower extremities; in contrast, persistent use of the upper extremities because of the demands of daily living relatively preserves their function. 49, 50 Because hand grip strength is part of the muscle power of the upper extremities, hand grip strength is less affected by aging than knee extension strength. [51] [52] [53] Therefore, the present study, which adopted hand grip strength as the measure of muscle power, avoided, at least partly, confounding from physical inactivity or other extrinsic conditions that might accelerate loss of muscle power.
Limitations
There are a few limitations to the present study. First, this is a cross-sectional study and thus it is not possible to make causal inferences. Second, the timeframe for self-reported sleep duration was 4 weeks before the interview. Whether this snapshot view of sleep duration represents a stable status over a long period remains doubtful. Third, hormone insufficiency 54 and activation of inflammatory reactions 55 have been reported to contribute to loss of muscle power. We did not collect related biochemistry data in the present study. However, it is believed that these two pathways affect muscle performance mainly via loss of muscle mass. 15 Because the influence of muscle mass on muscle power was controlled for, the confounding from hormone insufficiency and inflammatory reactions should be minimized in the present study. Fourth, we used BIA methods to estimate appendicular muscle mass. Although the validity of dual x-ray absorptiometry is superior to BIA, availability and accessibility of BIA are superior to dual x-ray absorptiometry, especially for a large-scale community survey and for individuals who are not able to use hospital-based devices due to disability. Fifth, the confounding effect of primary disorders, such as sleep-breathing disorders, was not directly excluded. However, the common consequences of these disorders (i.e., obesity and daytime sleepiness) were considered in the regression models. From a statistical perspective, we believe that this reduced some of the confounding effects of these variables. Moreover, the additional sensitivity analyses revealed the robustness of our findings. Last, the study participants were community-dwelling, older adults without dementia; therefore, the findings of this study are not generalizable to institutionalized or older adults or those with dementia.
CONCLUSIONS
Because loss of muscle mass and muscle power have different pathomechanisms, degeneration of the muscular system has been included as a core phenotype for vulnerable older adults, such as frailty. 16 According to the findings of the present study and those of other existing literature, both loss of muscle mass and decline in muscle power are related to self-reported long sleep duration. From the public health perspective, assessing sleep duration with a single question may be a convenient and useful screening tool to identify older adults with disadvantageous muscular properties. In the future, longitudinal studies, which simultaneously consider sex and muscle mass, are necessary to investigate the causal relationship between sleep duration and muscle performance. 
